This paper studied the direct-drive permanent magnet synchronous machine (permanent magnet synchronous generator, PMSG) Chopper optimal topology and resistance value. Compared the different Chopper circuit low voltage ride-through capability in the same grid fault conditions in simulation. This paper computes the dump resistance ceiling according to the power electronic devices and over-current capability. Obtaining the dump resistance low limit according to the temperature resistance allows, and calculating the optimal value by drop voltage in the DC-Bus during the fault. The feasibility of the proposed algorithm is verified by simulation results.
Introduction
Direct-drive wind turbines is a kind of generator driven directly by the wind, also known as gearless wind generators, using multi-pole generator motor and impeller driven direct connection, the traditional gear box parts has been eliminated. Because the gearboxes are easily to overload and failure in currently megawatt wind turbines, the direct drive wind generators without gearbox, has high efficiency at low wind speed, low noise, high life expectancy, reduced crew volume, lower operation and maintenance costs, and many other advantages [1, 2] .
Direct drive variable speed constant frequency (DDVSCF) wind power system shows in Figure 1 [3] , the wind wheel synchronous generator connected directly without raising speed gearbox. The wind energy transforms into AC which frequency, amplitude, phase are all change with time and then convert into DC by converter, and then converted by the inverter to a three-phase alternating current of constant amplitude and constant frequency to the grid. The active and reactive power of system is controlled by the power electronic converters to tracking the maximum power point and the maximum efficient use of wind energy [4] [5] [6] [7] .
The generator in Direct drive wind power generation system (DDWEGS) are two main types: rotor electric field concentrated winding rotor permanent magnet synchronous generator and excitation permanent magnet synchronous generators. Concentrated winding rotor electric field type synchronous generator (DDWEGS) needs to provide excitation current to rotor which needs slip rings and brushes. The failure rate of slip rings and brushes are high, and require periodic replacement. The permanent magnet rotor with permanent magnet excitation for DDWEGS material to build the rotor field, eliminating the need for slip rings, brushes and gear boxes and other devices without regular maintenance, it has compact system architecture, high machine reliability and operating efficiency.
Direct drive wind power generation system using permanent magnet synchronous generator, without excitation control, It has wide range of motor operating speed and high motor power density, smaller size.
Some direct-drive that combined wind wheel with external rotor, eliminating the hub, rotor blades mounted directly outside, further simplifying the structure for reducing the weight .
Chopper Circuit Hardware Connections
When the system is functioning properly, the ChopperIGBT shuts down, and Chopper circuit does not access system. When a fall happens to the system voltage, DC input power exceeds output power. That will make the DC voltage increase, and threaten the safety of capacitor and inverter. At this time Chopper circuit conducts the IGBT, and put it into dump resistance. The excess energy is consumed by the dump resistance, so that the DC bus voltage can be stable [8] . Today there are two main structures of the Chopper circuit which can increase the dumping load in DC side. The dump resistances in Figure 2 dump resistance passes Buck step-down circuit, it can make the requirement of the withstanding ability in resistance for the voltage lower, but the circuit adds the inductance component. When dump resistance cut, generating extra energy consumed by the dumping the resistance, so we need to ensure reliable heat dissipation; this paper mainly focuses on comparing two scenarios in Figure 2 [3, 9] .
Dumping Direct-Drive Permanent-Magnet Synchronous Motor Resistor Value
In the process of circuit failure, since the power imbalance caused by the external network power voltage drop, DC bus capacitor voltage rises, at this time by putting Chopper circuit can consume excess active in order to maintain the DC voltage.
When converter losses are ignored, the difference between the active and of the output of rectifier and inverter is [10] (6) After input dump resistance, DC voltage shall be maintained in the voltage within the range of values allowed, so dump resistance should read as follows:
is the maximum voltage allowed by DC bus. Considering the Depth of voltage dips, Network-side converter overload, the maximum allowable voltage DC and other factors, the Theoretical upper limit for dump resistance is:
In the formula: N P is unit rated activity; α is the ratio of fault voltage and rated voltage; g u is rated voltage famous value; g i is network-side converter rated current known values; β is the proportions of exceeds its rating when goes through the network side converter current.
Dump resistance may burn when through the large current; therefore we must ensure that the resistor temperature rise is less than the maximum temperature rise. The former is equal to the cooling temperature resistance T ∆ plus the relative cooling of the temperature rise 
2 T ∆ (°C ) is the convective heat transfer between the two interfaces temperature difference, that is the resistance temperature of the surrounding cooling medium; 1 P is the overall heat transfer in terms of dump resistance power consumption.
) is heat transfer coefficient; A ( 2 m ) is heat transfer area, and it is the entire surface area of dump resistance, Therefore, the dump resistance temperature-rise is:
According the formula (6), we can get the maximum allowed power of dump resistance is max P , according to max P , the dump resistance limit is:
According to resistance range from (8) to (12), when there is a serious failure in the grid, the direct drive unit is not off-grid.
The Equivalent Circuit Model of Chopper and Its Simulation
We use a hybrid power system electromagnetic transient simulation program DigSILENT/Power Factory to build the model, and simulate the transient process PMSG wind turbines in the case of a three-phase short circuit. Make comparison of equivalent model of transient stability of wind turbines in different chopper circuit state [5, [11] [12] [13] [14] .
The capacity of PMSG in the DigSILENT model in this paper is 1.5 WM, and the inverter capacity is 2.5 MVA, which is 166.6% of PMSG capacity. Rated voltage of DC side is 5.4 KV, rated voltage of PMSG stator side is 3.3 KV, network-side converter outlet voltage 3.31 KV, through the transformer and the power line to 220 KV. During normal operation, the output is active PMSG 1.5 WM, reactive power is 0.113 MVar.
The Impact of Dump Resistance Value of Chopper to the Direct Drive Wind Power Generation System
By formula (8) calculated in the model ranges in dump resistance to between 4.7Ω and 20.7Ω . We take 5, 10, 15, 20 four experiments to simulation results are as follows in Figure 3 .
It can be seen that the DC voltage has the most stable voltage when dumping the resistance value at around 15Ω , thus it can achieve the best effect of the low voltage ride through (LVRT).
The Impact of Chopper with Buck Circuit to the Direct Drive Wind Power Generation System
This section experiments, set a three-phase short circuit grid fault at PCC as 1 s, last 0.1 s. When DC voltage reaches 5670 V (1.05 pu), the Chopper circuit takes action. The dump resistance is 15 ohm, Chopper circuit connection using Figure 2 (b) in connection with the inductor. Simulation case is shown in Figure 4 . It can be seen that, due to the effect of inductive, the peak voltage of the DC bus during fault is reduced. However, it would have a bad impact on DC-bus when the inductance is too large.
Summarize
This paper studies the direct-drive permanent magnet synchronous machine in low voltage ride through. Especially Chopper circuit topologies and unloading resistance value, the main conclusions are as follows: 1) The difference of dump resistance, inductance and the way connected to Chopper circuit has different effects on low voltage ride through capability.
2) Due to the buffering effect of the inductor, Chopper circuit with Buck Chopper circuit has more excellent results of low voltage ride through than that with only resistance. Accordingly, the use of direct-drive wind power generation system with dumping Buck circuit or dual resistance is more significant to the improvement of low voltage ride through capability. 
